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REGIONAL DYNAMICS OF GRASSLAND CHANGE 
IN THE WESTERN GREAT PLAINS 
Mark A. Drummond 
u.s. Geological Survey 
2150 Centre Avenue, Building C 
Fort Col/ins, CO 80526-8118 
madrummond@usgs.gov 
ABSTRACT-This paper examines the contemporary land-cover changes in two western Great Plains ecore-
gions between 1973 and 2000. Agriculture and other land uses can have a substantial effect on grassland cover 
that varies regionally depending on the primary driving forces of change. In order to better understand change, 
the rates, types, and causes of land conversion were examined for 1973, 1980, 1986, 1992, and 2000 using 
Landsat satellite data and a statistical sampling strategy. The overall estimated rate of land-cover change be-
tween 1973 and 2000 was 7.4% in the Northwestern Great Plains and 11.5% in the Western High Plains. Trends 
in both ecoregions have similarities, although the dynamics of change differ temporally depending on driving 
forces. Between 1973 and 1986, grassland cover declined when economic opportunity drove an expansion of 
agriculture. Between 1986 and 2000, grassland expanded as public policy and a combination of socioeconomic 
factors drove a conversion from agriculture to grassland. 
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INTRODUCTION 
Human activities have transformed the western Great 
Plains from primarily a temperate grassland expanse to 
a mix of rangeland, cropland, development, and other 
land uses. Agricultural land-use change has had the most 
widespread impacts. Since the late 19th century, exten-
sive areas with suitable soil types and climate have been 
converted to cropland, while areas with poor soils have 
generally been used for livestock grazing (Burke et al. 
1993). Contemporary Great Plains land use and land 
cover continue to be transformed by a range of human 
and environmental processes. Due to the dynamic nature 
and consequences of land use, it is critical to understand 
the rates, types, and causes of land change. This paper 
presents results on the dynamics of land-cover change 
between 1973 and 2000 for two ecological regions in the 
western half of the Great Plains-the Northwestern Great 
Plains ecoregion and the Western High Plains ecoregion 
(Fig. 1). The major trends and driving forces of grassland 
expansion and decline are examined using an ecoregion 
framework (Omernik 1987). Ecoregions have been shown 
to be an effective geographic context for understanding 
land change because they capture the environmental 
characteristics and socioeconomic potential that enable 
land-use and land-cover pattern (Gallant et al. 2004). 
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Although a combination of factors drives regional 
land-use patterns, several key driving forces have been 
identified in previous analyses that may cause substantial 
fluctuation of agricultural land cover and grassland ex-
tent in the study area. Driving forces are the population, 
economic, political and social, technological, cultural, 
and environmental factors that shape human use of the 
biosphere. One way that population growth influences 
agricultural land use is through an increased need for 
food and fiber, which may cause cropland expansion in 
many regions of the world (Tilman 1999). In contrast, 
population growth in eastern Colorado since the 1950s 
has caused a decline in farmland near the expanding 
urban boundary (Parton et al. 2003). Economic factors 
such as the globalization of agricultural markets also 
affect regional land change (Lambin et al. 2001; Naylor 
et al. 2005). However, site-specific factors of natural 
resources, climate, and population interact to determine 
much of a region's competitive economic advantage 
(Raup 1980). In the United States, public policy has a his-
tory of shaping agricultural land use through government 
incentive programs, extension of credit, and conservation 
measures (Brooks and Eme11995; Lubowski et al. 2003). 
Scientific and technological advances such as new plant 
breeds and center-pivot irrigation affect the spatial extent 
and location of crops (Roberts and Emel 1992). Cultural 
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Figure 1. Grasslands in the U.S. Great Plains (Omernik 1987), adapted from the National Land Cover Data (Vogelmann et 01. 
2001). 
acceptance of agricultural impacts on the local environ-
ment may also determine which land uses occur in an 
area (Hart and Mayda 1998; Harrington and Lu 2002). 
Agriculture is also susceptible to climate variability and 
change, which could be extreme in some areas of the 
Great Plains in the near future (Mitchell et al. 1990). In 
response to a combination of socioeconomic and environ-
mental driving forces, ecoregions in the Great Plains may 
experience short- or long-term changes to land cover. 
In the western Great Plains, the extent of agriculture 
and grassland has fluctuated historically. Even as the 
western Plains was still being cleared in the 1920s, some 
farms were abandoned and returned to grassland because 
of poor soil quality and landowner bankruptcy (Baker 
1923; Roet 1985). Severe drought and the economic 
conditions of the 1930s also caused land abandonment 
in the western Plains. More recently, government as-
sistance programs have helped to lessen the financial 
impact of climate variability and economic stress on 
farmers (Coppedge et al. 2001). Streamside irrigation 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
and access to groundwater have also provided a buffer to 
climate variability. Drought in the 1950s likely hastened 
the expansion of irrigation (Rhodes and Wheeler 1996). 
In the contemporary Western High Plains ecoregion, ir-
rigated production of cotton, corn, wheat, sorghum, and 
other crops expanded by approximately 22,000 km2 since 
1950, primarily in areas that overlay the immense High 
Plains Aquifer (USDA 1950-1997). The intensive feed-
grain production that increased in southwestern Kansas 
and elsewhere has become vertically integrated with 
large cattle feedlots, dairies, hog farms, and meatpacking 
plants (Hart and Mayda 1998; Harrington and Lu 2002). 
Depletion ofthe High Plains Aquifer from decades of use 
and only limited amounts of recharge has also reportedly 
caused some farmland abandonment (Walsh 1980). After 
1985, major land-use changes have occurred in the Great 
Plains in response to the Conservation Reserve Program 
(CRP), a farm policy measure that provides incentives to 
convert marginal cropland to grassland and other natural 
cover (Riebsame 1990). The contemporary demands on 
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the land and water resources of the Western High Plains 
and the Northwestern Great Plains ecoregions continue to 
affect the land-cover change dynamics. 
Study Area 
The Northwestern Great Plains and the Western 
High Plains ecoregions are located in parts of 10 states 
(Montana, North Dakota, South Dakota, Wyoming, Ne-
braska, Colorado, Kansas, Oklahoma, New Mexico, and 
Texas) (Fig. 1). The Northwestern Great Plains ecoregion 
covers 346,883 km2, while the Western High Plains is 
somewhat smaller at 288,752 km2. Several characteristics 
are important for understanding change in the western 
Great Plains ecoregions. Both ecoregions are semiarid 
grasslands, receiving approximately 260 mm to 600 mm 
of average annual precipitation from west to east, respec-
tively. The Western High Plains ecoregion is most closely 
associated with shortgrass steppe vegetation, while the 
Northwestern Great Plains ecoregion is associated with 
northern mixed prairie vegetation (Lauenroth et al. 1999). 
Scattered woodlands, ephemeral ponds, reservoirs, 
mines, and unvegetated areas occur in both ecoregions. 
Woodlands occur primarily along streams and the slopes 
of taller, abrupt escarpments (Wells 1965). 
The ecoregions have different resource potential for 
agriculture, chiefly the varying water and soil resources. 
In general, water and soils that enable cultivation are 
more available in the Western High Plains. Water from the 
Ogallala formation of the High Plains Aquifer, the larg-
est groundwater reserve in the nation, supports cropland 
irrigation, municipal water use, manufacturing, and a 
vigorous regional economy in comparison to areas where 
dryland and pasture uses dominate (Kromm and White 
1992). Both ecoregions have physical limitations for land 
use depending on the soil, water resources, topography, 
and regional climate. The Western High Plains has flatter 
topography and a higher percentage of cropland, in con-
trast to the mostly irregular rangelands of the Northwest-
ern Great Plains (USEPA 2006). The boundary between 
the two ecoregions is an approximate transition between 
winter wheat to the south and spring wheat to the north. 
In the Western High Plains ecoregion, cotton is grown in 
the southern part, and wheat, corn, sorghum, and other 
crops are common in the northern part. Irrigated crops 
in the Western High Plains account for nearly 27% of 
the total cropland (USDA 1997). Groundwater pumping 
from the High Plains Aquifer accounts for approximately 
20% of all agricultural water use in the United States 
(Dennehy et al. 2002). Industrial meat and dairy produc-
tion has also moved into the region to take advantage of 
the dry climate, feed grains, and water resources (Hart 
and Mayda 1998; Harrington and Lu 2002). Decades of 
groundwater pumping, coupled with the slow recharge 
rates of most of the aquifer, has left the region vulnerable 
to change. Streamside irrigation in the region is also vul-
nerable to drought, overuse, and competition with urban 
and industrial uses. Where water is not accessible, there 
are large areas of dryland wheat and rangeland grazing, 
some of which has persisted for decades. In the North-
western Great Plains ecoregion, dryland spring wheat, 
wheatgrass, and alfalfa are primary crops. Irrigated crops 
account for only 5% of the total cropland, whereas 70% of 
the region is used for livestock grazing (USDA 1997). 
Population in the Northwestern Great Plains ecoregion 
was approximately 0.61 million in 2000 (U.S. Bureau of 
the Census 2001). Total population increased by 26% 
between 1970 and 2000, although more than half of the 
64 counties in the ecoregion lost population. Population 
in the Western High Plains ecoregion was approximately 
2.57 million in 2000, a 28% increase since 1970 (U.S. Bu-
reau of the Census 2001). Urban areas accounted for much 
of the increase, while many rural counties had population 
declines between 1970 and 2000. Most of the counties 
with population loss already had small populations in 
1970, with fewer than 10,000 people. However, county-
level analyses can mask some types of change that occur 
within county boundaries. During the 1980s, population 
in western Kansas underwent redistribution, rather than 
a large decline, to towns that benefited from High Plains 
groundwater use (White 1994). Proximity to groundwater 
supplies emerged as an important determinant of po pu1a-
tion change at the local level (White 1994). 
METHODS 
Land cover was estimated using remotely sensed data 
and a statistical sample of each ecoregion (Loveland et 
al. 2002). Five dates of Landsat ETM+, TM, and MSS 
satellite imagery were used in the analysis, nominally 
1973, 1980, 1986, 1992~ and 2000. Sample blocks of 102 
km were selected randomly from a grid, with 40 samples 
from the Northwestern Great Plains and 45 from the 
Western High Plains (Stehman et al. 2003). All land-
cover totals are estimates, scaled up from the sample data 
to the ecoregion. 
Landsat sample data were mapped initially for a 
single date using a modified Anderson Level 1 classi-
fication (shown in Table 1). Grasslands and shrublands 
were grouped together and are referred to throughout 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
136 Great Plains Research Vol. 17 No.2, 2007 
TABLE 1 
ESTIMATED EXTENT OF LAND COVER, IN KM2 AND PERCENTAGE 
Water Developed Mechanically Mining Barren 
Disturbed 
Northwestern Great Plains Ecoregion 
1973 7,880 580 0 22 7,741 
2.3 0.2 0.0 0.0 2.2 
1980 7,673 580 7 22 7,861 
2.2 0.2 0.0 0.0 2.3 
1986 8,182 580 0 23 7,623 
2.4 0.2 0.0 0.0 2.2 
1992 6,613 591 2 25 8,088 
1.9 0.2 0.0 0.0 2.3 
2000 7,284 596 20 23 8,096 
2.1 0.2 0.0 0.0 2.3 
Total -605 17 20 355 
Change -7.7 2.9 0.0 5.7 4.6 
Western High Plains Ecoregion 
1973 630 1,273 6 224 769 
0.2 0.4 0.0 0.1 0.3 
1980 631 1,1398 246 755 
0.2 0.5 0.0 0.1 0.3 
1986 631 1,427 2 257 756 
0.2 0.5 0.0 0.1 0.3 
1992 634 1,457 0 266 754 
0.2 0.5 0.0 0.1 0.3 
2000 644 1,639 4 292 754 
0.2 0.6 0.0 0.1 0.3 
Total 14 366 -1 69 -15 
Change 2.2 28.7 -24.0 30.6 -1.9 
this paper as grasslands. The non mechanically disturbed 
category includes disturbances such as fire. Land cover 
was mapped using a minimum mapping unit of 60 m2. 
Manual change-detection techniques were used to map 
the land-cover changes between each time interval, 
employing available high-resolution aerial photography 
and maps as ancillary data sources (Loveland et al. 2002; 
Sohl et aI. 2004). The sample interpretation methods 
likely result in highly accurate maps of change because 
of the intensive manual protocol, although a detailed ac-
curacy assessment is problematic because of a lack of 
higher-quality reference material (Griffith et al. 2003). 
Sampling estimates are subject to uncertainty; however, 
approaches that use a complete census of land cover also 
face problems of inadequate precision (Stehman et al. 
2003). The goal of the sample selection is to provide an 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
Forest Grassland Agriculture Wetland Non-
mechanically 
Disturbed 
9,315 259,717 59,618 618 1,390 
2.7 74.9 17.2 0.2 0.4 
9,256 260,385 60,497 601 0 
2.7 75.1 17.4 0.2 0.0 
9,256 258,143 62,468 608 0 
2.7 74.4 18.0 0.2 0.0 
9,241 265,212 55,966 1,142 0 
2.7 76.5 16.1 0.3 0.0 
9,264 267,374 53,345 887 0 
2.7 77.1 15.4 0.3 0.0 
-5 7,757 -6,274 269 -1,390 
-0.5 2.9 -10.5 43.5 -100.0 
2,436 127,408 154,880 1,126 0 
0.8 44.1 53.6 0.4 0.0 
2,436 123,123 159,057 1,105 0 
0.8 42.6 55.1 0.4 0.0 
2,436 122,065 160,073 1,104 0 
0.8 42.6 55.1 0.4 0.0 
2,426 143,111 138,987 1,106 0 
0.8 49.6 48.1 0.4 0.0 
2,436 143,843 138,070 1,0700 
0.8 49.8 47.8 0.4 0.0 
0 16,435 -16,811 -56 0 
0.0 12.9 -10.9 -5.0 0.0 
adequate level of precision in estimating the rates ofland-
cover change with a margin of error of ±l % based on an 
85% confidence interval (Stehman et al. 2003). Finally, 
all land-cover conversions were calculated using a change 
matrix. 
The methods used here are part of a systematic frame-
work for the analysis of land change across the nation by 
the U.S. Geological Survey (Loveland et al. 2002). The 
ecoregion stratification allows for comparisons among 
various regions using systematic methods. Ecoregions 
may be particularly well suited to understanding regional 
change and to developing estimates of land change at a 
national scale in part because they have relatively ho-
mogenous natural resources and ecological associations 
(Omernik 1987; McMahon et aI. 2001; Gallant et al. 
2004). 
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RESULTS 
Land-cover changes are dominated by grassland and 
agriculture in both ecoregions. The estimated extent of 
land cover for each date along with a summary of change 
for each class is shown in Table 1. In the Northwestern 
Great Plains (NWGP), grassland and agriculture com-
prise nearly 93% of the total land cover. In the Western 
High Plains (WHP), they combine to cover nearly 98% 
of the ecoregion. Overall, grassland cover expanded dur-
ing the study period. In the NWGP, grasslands increased 
by nearly 3% (7,657 km2) between 1973 and 2000, and 
covered 77% of the ecoregion by 2000. In the WHP, 
grasslands expanded by nearly 13% (16,435 km2) during 
the same time period, covering 50% of the ecoregion 
by 2000. The trends for both ecoregions (Fig. 2) show 
an overall decline in grassland cover between 1973 and 
1986 when the economic opportunities for agricultural 
expansion were higher. Between 1986 and 2000, the trend 
changed substantially as grasslands expanded. Most of 
the increase occurred between 1986 and 1992 when CRP 
enrollment began. Grassland expansion nearly leveled off 
in the WHP during the most recent time interval (1992 to 
2000), while it continued to expand in the NWGP. 
The total area of agriculture, which had the biggest 
impact on grassland extent, declined by nearly 11% over-
all in each ecoregion. Agriculture expanded between 
1973 and 1986, peaking in 1986 before declining to its 
lowest level by 2000. Developed land, which is often 
assumed to be a major cause of land-cover change, did 
not have a sizable impact at the regional scale. However, 
it did expand by nearly 29% (366 km2) in the WHP and 
3% (16 km2) in the NWGP, indicating a local impact on 
land cover. Mining increased by a similar 30% in the 
WHP due to an expansion of oil and gas development 
and small surface mines. Nonmechanically disturbed 
lands in 1973 (1,390 km2) are the result of grassland fire, 
which returned to grassland by 1980. Fluctuation in the 
extent of water, wetland, and barren land cover may have 
been due to the spatially variable effects of precipitation 
and drought as well as land use. Forest land cover was 
relatively stable. 
The total rate of change between 1973 and 2000 was 
11.5% in the WHP (Table 2) and 7.4% in the NWGP (Table 
3). The rates of change for each time interval varied sub-
stantially in the WHP, at 1.9%, 0.8%, 7.7%, and 4.8%, 
respectively, for the four time intervals. The temporal 
differences for the NWGP were not as great among the 
time intervals, at 2.2%, 2.0%, 3.0%, and 2.7%, respec-
tively. The most common conversions in both ecoregions 
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Figure 2. Grassland cover declined overall between 1973 and 
1986. Grassland expanded between 1986 and 1992, with addi-
tional increases by 2000. NWGP = Northwestern Great Plains; 
WHP = Western High Plains. 
were from agriculture to grassland and from grassland 
to agriculture. Smaller amounts of land were converted 
to developed and mining in the WHP. In the NWGP, the 
smaller changes involved the fire disturbance of grassland 
mentioned above and changes between water and grass-
land cover due to climate fluctuation and water use. 
Some locations changed during more than one time 
interval (Table 4). Multiple changes occurred primarily 
because of back-and-forth switches between agriculture 
and grassland. Most locations with change had only one 
date ofland conversion, with 5.2% and 9.2% of change in 
the NWGP and WHP, respectively. Locations with two 
dates of change account for 1.9% and 2.1%, while three 
dates of change occurred on 0.2% and 0.1% of the NWGP 
and WHP, respectively. Most of the ecoregion area did not 
change. Nearly 93% of the NWGP and 89% of the WHP 
were stable. 
Grassland Loss and Expansion 
Between 1973 and 1986, grassland loss to agriculture 
was the most common type ofland-cover conversion. This 
resulted in a net loss of grassland in the two ecoregions, 
although the dynamics of change differ between them. 
In the WHP, an estimated 6,331 km2 of grassland cover 
was converted to agriculture. Conversely, only 1,033 km2 
was converted from agriculture to grassland. The expan-
sion of agriculture coincides with an increase in the total 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
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TABLE 2 
ESTIMATES OF LAND-COVER CHANGE (KM2), RATES, AND THE MOST COMMON LAND-COVER 
CONVERSIONS IN THE WESTERN HIGH PLAINS 
Land-cover conversion 1973-1980 
Extent (km2) 5,366 
Rate (%) 1.9 
85% confidence interval ±0.6 
Standard error (%) 0.4 
Relative error (%) 22.2 
Net grassland change (km2) 
-4,285 
Percentage of ecoregion (%) 1.5 
Conversion (km2) 
From: To: 
Agriculture Grass/Shrub 453 
Grass/Shrub Agriculture 4,718 
Grass/Shrub Developed 22 
Agriculture Developed 103 
Grass/Shrub Mining 21 
*Value not determined. 
area of cultivated feed corn, from less than 3,500 km2 in 
1969 to nearly 11,000 km2 in 1978, and an expansion of 
irrigated cropland of approximately 6,500 km2 (USDA 
1950-1997). A small amount of grassland was also lost to 
development and mining (66 km2). In total, an estimated 
7,609 km2 of gross land-cover change occurred in the 
WHP during the two time intervals. Because the conver-
sions are more unidirectional in the trajectory of change, 
they resulted in a relatively substantial net grassland de-
cline of 4.2% (5,342 km2) over the 1973 grassland totals. 
The dynamics of change in the NWGP between 1973 
and 1986 differ from the WHP because the gross land-
cover changes are much greater than the relatively small 
net changes in grassland cover. In the NWGP, the amount 
of grassland conversion to agriculture (7,216 km2) was 
more similar to the grassland gains from agricultural 
abandonment (4,352 km2). Data from the Census of 
Agriculture shows a nearly 4,000 km2 increase in wheat 
between 1969 and 1978 (USDA 1950-1997). Other grass-
land conversions also occurred, including the change 
from nonmechanically disturbed to grassland, which had 
only a transient impact on the land surface. These factors 
© 2007 Center for Great Plains Studies, University of Nebraska-Lincoln 
Total, 
1980-1986 1986-1992 1992-2000 1973-2000 
2,243 22,198 13,825 33,131 
0.8 7.7 4.8 11.5 
±0.3 ±1.7 ±1.1 * 
0.2 1.2 0.8 * 
28.8 15.1 15.6 * 
-1,058 21,046 732 16,435 
0.4 7.3 0.3 5.7 
580 21,606 7,208 
1,613 539 6,318 
15 16 141 
14 14 41 
8 9 18 
resulted in a large amount of gross land-cover change 
(14,343 km2) by 1986, and a relatively small 0.6% (1,575 
km2) net decline over the 1973 grassland total. 
After 1986, the land-cover changes were dominated 
by an increase in grassland cover. Between 1986 and 
2000, the net extent of grassland increased by slightly 
more than 31,000 km2 in both ecoregions combined. 
More than 90% of the increase occurred in the earlier 
time interval (1986 to 1992) when the CRP took effect. 
The CRP was enacted in 1985 and began enrollment in 
1986. The change from agriculture to grassland was the 
most common conversion in both time intervals between 
1986 and 2000. In the WHP, an estimated 28,814 km2 
of agriculture was converted to grassland, compared to 
6,857 km2 of grassland conversion to agriculture. The 
conversion from agriculture was the largest contributor 
to a net grassland increase of 17.8% (21,778 km2) over 
the 1986 grassland total. In the NWGP, 12,893 km2 of 
agriculture was converted to grassland, while 3,796 km2 
of grassland was lost to agriculture. This contributed to 
a 3.6% (9,231 km2) expansion of grassland over the 1986 
total. 
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TABLE 3 
ESTIMATES OF LAND-COVER CHANGE, RATES, AND THE MOST COMMON LAND-COVER 
CONVERSIONS IN THE NORTHWESTERN GREAT PLAINS 
Land-cover conversion 1973-1980 
Extent (km2) 7,499 
Rate (%) 2.2 
85% confidence interval ±0.7 
Standard error (%) 0.5 
Relative error (%) 22.7 
Net grassland change (km2) 668 
Percentage of ecoregion (%) 0.2 
Conversion (km2) 
From: To: 
Agriculture Grass/shrub 2,264 
Grass/shrub Agriculture 3,158 
N onmechanically 
disturbed Grass/shrub 1,390 
Water Grass/shrub 121 
Grass/shrub Water 104 
*Value not determined. 
The dynamics of grassland expansion differ during 
the two time intervals. Between 1986 and 1992, there is a 
low rate of grassland conversion to agriculture (539 km2) 
in the WHP compared with conversions from agriculture 
to grassland (21,606 km2). Similarly, agricultural gains 
in the NWGP (1,125 km2) were substantially less than the 
conversions from agriculture to grassland (7,609 km2). 
Enrollment in the CRP was highest during this interval, 
causing a substantial amount of cropland to be converted 
to grassland cover. Agricultural census data indicate that 
CRP enrollment in 1992 was 24,300 km2 in the WHP and 
9,900 km2 in the NWGP. 
Between 1992 and 2000, the major changes to grass-
land, which are shown as common land-cover conver-
sions in Tables 2 and 3, are masked by the net statistics. 
The conversion from agriculture to grassland continued 
in many of the sample locations; however, the dynamics 
of change differ from the previous interval. The primary 
differences are a drop in the net rate of grassland expan-
sion mentioned above, as well as a much higher rate of 
conversion to agriculture. In the WHP, grassland gain 
(7,208 km2) from agriculture was only slightly higher 
Total, 
1980-1986 1986-1992 1992-2000 1973-2000 
6,713 10,523 9,360 25,729 
2.0 3.0 2.7 7.4 
±0.7 ±1.2 ±0.9 * 
0.5 0.8 0.7 * 
25.8 26.1 23.9 * 
-2,242 7,069 2,162 7,657 
0.6 2.0 0.6 2.2 
2,088 7,609 5,284 
4,058 1,125 2,671 
0 0 0 
13 677 92 
300 16 308 
TABLE 4 
PERCENTAGE OF LAND COVER CHANGE SHOWN 
FOR THE NUMBER OF TIME INTERVALS 
BETWEEN 1973 AND 2000 
Number of changes 
No change 
One date 
Two dates 
Three dates 
Percentage of change 
NWGP WHP 
92.6 88.5 
5.2 
1.9 
0.2 
9.2 
2.1 
0.1 
than the simultaneous loss of grassland to agriculture 
(6,318 km2). The differences were more substantial in 
the NWGP, where grassland gain (5,284 km2) was nearly 
twice the amount of conversion to agriculture (2,671 
km2). These dynamics resulted in only small net gains 
in grassland cover in the WHP (732 km2). The increases 
in the NWGP were smaller than the previous interval 
but were still significant (2,162 km2). Essentially, gross 
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Figure 3. Estimates of the loss and expansion of grassland 
associated with agriculture. The conversions shown are for 
the Northwestern Great Plains (NWGP) and the Western High 
Plains (WHP) combined. The grassland trend is cumulative, 
and is derived from the net grassland changes from Tables 2 
and 3. 
land-cover change was high in the WHP, but resulted in 
low rates of net grassland change. 
While the net rates of change summarize the over-
all trend and direction of grassland change, the gross 
estimates indicate how much of the region has actually 
changed. Figure 3 shows the gross expansion and decline 
of grassland and agriculture for both ecoregions com-
bined, as well as the cumulative changes in net grassland 
extent that start with a decline of3,617 km2 between 1973 
and 1980. Clearly, there is substantial temporal variability 
in the total amount of grassland increase versus decline 
that contributes to the overall net trends. The exception to 
this occurred when CRP enrollment began, and grassland 
loss was limited, between 1986 and 1992. 
DISCUSSION 
Human activities have an effect on land cover that var-
ies regionally, depending in large part on socioeconomic 
driving forces, climate, and natural resource potential. 
In the semiarid western Great Plains, soil suitability for 
crops and water availability are important natural-re-
source determinants of the land-use pattern. Soil quality 
and water use determined the regional pattern of land use 
that was established during the 20th century; however, 
there are substantial contemporary land-cover conver-
sions that were observed between 1973 and 2000. 
Two major trends were observed: (1) grassland cover 
declined between 1973 and 1986 when economic opportu-
nity drove an expansion of agriculture, and (2) grassland 
expanded from 1986 to 2000 as public policy drove an 
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agricultural conversion to grassland cover. In both situa-
tions there are combinations of interacting driving forces 
that influence the land-cover dynamics and temporal 
variability in the trends. There are also natural-resource 
differences among the ecoregions, chiefly the influence of 
the large High Plains Aquifer and better soils in the WHP. 
The land-use history of the two ecoregions, of which the 
intensive use of the High Plains Aquifer for cropland ir-
rigation is one contributor, has caused substantial differ-
ences in the extent and pattern of grasslands. Despite this, 
the contemporary land-cover trends have a similar trajec-
tory. Overall, these trends suggest a significant regional 
transition in agricultural land use that affects grassland 
cover and is associated with several driving forces. 
Processes of Grassland Change 
Both ecoregions lost grassland between 1973 and 
1986. While the NWGP had a relatively small amount of 
net grassland decline, including an increase during the 
earliest time interval that is partly attributed to fire distur-
bance, the gross amount of change for all land conversions 
in the ecoregion is substantial. Agriculture expanded in 
some areas, even while it was abandoned in others. Such 
a dynamic situation could be the result of a fairly typical 
pattern of entrance and exit into farming, or perhaps is 
the result of cyclic changes in the extent of dryland wheat 
cultivation. Conversely, the more unidirectional pattern 
of change in the WHP indicates cropland expansion 
with only a limited amount of agricultural abandonment 
during the time period. Both ecoregions may have been 
affected by an increase in wheat prices during the 1970s 
that likely caused an expansion of dryland crops. The 
combined net loss of grassland in both ecoregions (7,905 
km2) occurred during a period of increased economic 
opportunity for small grain farmers, both globally and re-
gionally. Overseas demand for small grains coupled with 
a depressed livestock market and speculative investment 
in agriculture caused U.S. farmers to expand the total 
area of wheat production (Riebsame 1990). 
The WHP was influenced not only by the increased 
global demand for wheat but also by an increased demand 
in the region for irrigated corn, wheat, and sorghum to 
supply area feedlots. Cattle-feeding operations moved out 
of the Corn Belt and into the Western High Plains during 
the 1960s, with an increase of nearly 2.2 million head by 
1969 (Hart 1998; Hart and Mayda 1998). According to the 
analysis of land-cover change, much of the rapid expan-
sion of nearly 6,500 km2 of irrigated feed corn during the 
1970s may have resulted in grassland clearance, rather 
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than a simple change of crop type or intensity of use on 
land that was already cultivated. Greater regional demand 
for grains also apparently contributed to the relative sta-
bility of existing cropland in the WHP that resulted in a 
low rate of agricultural abandonment. The net expansion 
of agriculture was not as great in the WHP between 1980 
and 1986 during a slowdown in the agricultural economy. 
Economic recession in the early 1980s led to a downturn 
in agriculture that followed several years of crop surplus 
(Polsky 2004). 
Increases in grassland cover between 1986 and 2000 
likely occurred where cultivation is economically and 
environmentally risky. Prolonged drought, erodible 
soils, changes in water availability, shifting demographic 
patterns, and fluctuating markets can take a toll on ag-
riculture. Despite the difficulties inherent in the region, 
cropland expansion was a prevailing characteristic of the 
western Great Plains prior to 1986. The more recent shift 
to a mode of grassland expansion after 1986 is primarily 
the result of land retirement. However, other processes of 
agricultural land abandonment likely contributed. Con-
servation efforts and land retirement programs are not 
new to the Great Plains, but the CRP has been far more ef-
fective than previous efforts (Riebsame 1990). The sharp 
increase in grassland cover, particularly between 1986 
and 1992, was clearly driven largely by CRP incentives. 
It also played a role in limiting the amount of grassland 
clearance for agriculture to its lowest level during the 
study period. There has been concern that land-use slip-
page, which can occur when the intended impact of con-
servation programs are negated by expansion elsewhere, 
is having an important effect on some areas of the Great 
Plains (Leathers and Harrington 2000). Slippage may 
occur either by grassland clearance or by bringing idle 
cropland back into production. During this time interval, 
agricultural expansion at the expense of grassland was at 
its lowest point, suggesting that slippage was not a signifi-
cant process of grassland loss. 
During the most recent time interval, between 1992 
and 2000, the dynamics changed. Grassland cover con-
tinued to expand, although gross land-cover change was 
high while net grassland gain was low. Some of this dy-
namic may be due to recent switching of cropland in and 
out ofCRP enrollment. The 1985 U.S. Food Security Act 
allowed CRP contracts to expire and land to be put back 
into production after a minimum of 10 years. The CRP 
was renewed in the 1996 Farm Bill, which also allowed 
some enrollment contracts to expire early if the land 
was not highly erodible or of high environmental value 
(Egbert et al. 1998). This may have influenced much of 
the switching between agriculture and grassland from 
1992 to 2000 as some contracts expired and returned to 
cropland, while other lands were enrolled and planted 
to grassland. This caused spatial changes in the location 
of CRP grasslands, with only minimal overall gains in 
grassland cover, especially in the WHP. 
Agricultural land abandonment has other causes. 
Agricultural intensification and improved crop yields 
can cause a decline in the area required for crop produc-
tion at the national scale. Regionally, this can lead to 
either an abandonment of croplands that are marginal 
for production or cause cropland expansion spurred by 
economic gain (Angelsen and Kaimowitz 2001). Because 
many dryland wheat areas of the western Great Plains 
are a relatively harsher environment for crops than the 
moister eastern Plains, it is reasonable to assume that 
agricultural intensification in the United States as a whole 
contributed to a conversion from agriculture to grassland 
in parts of the western Great Plains, especially those areas 
lacking in water resources. Declining access to water in 
the WHP is also a concern. Groundwater levels in the 
High Plains Aquifer had already dropped substantially in 
some areas by the early 1990s (Dennehy et al. 2002) and 
may have caused cropland abandonment. However, it is 
generally considered that most irrigated land will transi-
tion to dryland agriculture (Terrell et al. 2002). Outright 
abandonment of land due to economic concerns likely 
also contributed. Urbanization is a proximate cause of 
land change that has a significant impact on urban fringe 
areas (Parton et al. 2003). Given that large cities are 
relatively few in the NWGP, and isolated to a few areas 
of the WHP, it is notable that some grassland conversion 
to urban development occurred in the statistical sample. 
Although relatively small when compared to the impact 
of agriculture, an estimated 141 km2 of grassland conver-
sion to development occurred between 1992 and 2000 in 
theWHP. 
CONCLUSIONS 
Ecoregions in the western Great Plains have undergone 
a significant land-use transition that has consequences on 
land cover. The major findings of this study indicate that 
between 1973 and 1986, grasslands were being lost at a 
rate of 4.2% in the WHP and 0.6% in the NWGP. After 
1986, grassland was converted to agriculture in a few 
places but was overshadowed by a high rate of conversion 
from agriculture to grassland. Between 1986 and 2000, 
grassland cover expanded by 17.8% in the WHP and 3.6% 
in the NWGP. Globally, grassland extent and the patterns 
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of change are not well understood (UNEP 2005). This 
study contributes to understanding regional change in the 
western Great Plains by providing observed estimates of 
land-cover conversion in a temperate grassland setting. 
Land-cover changes in the two western Great Plains 
ecoregions examined here are dominated by ongoing 
fluctuations in agricultural land use. Some of the changes, 
including those caused by the CRP, may be temporary 
depending on future changes to public policy. Other 
future demands on the land and water resources in the 
region will continue to evolve. Intensive crop production 
is a significant anthropogenic pressure in the region, and 
may decrease if the High Plains Aquifer water levels 
continue to decline. Competition for water with urban and 
industrial uses may have a greater impact in the future as 
urban populations expand. Long-term drought and future 
climate change may also have an impact on farmers' 
decisions to abandon or expand cropland. Conversely, 
crop ranges may expand in response to technological and 
scientific advances such as improved seeds, or because of 
future demand for new products such as biofuel. Because 
ofthe dynamic nature ofland change, continued monitor-
ing and assessment of trends is needed. 
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